











学位授与年月日平成 2 3 年 9 月 6 日
学位授与の根拠法規 学位規則第 4 条第 1 項
研究科，専攻の名称 東北大学大学院環境科学研究科(博士課程)環境科学専攻
学位論文題目 水熱反応による炭水化物バイオマスからのギ酸生成に関する研究
(Research of Formic Acid Production from Carbohydrate 
Biomass under Hydrothermal Conditions) 







The shifting from fossil fuels to renewable energy resources represents a major 
challenge for the sustainable development of human beings. Biomass, the organic 
materials derived from cellular substances of biology, has been recognized as one of the 
most abundant renewable energy resources and an alternative energy for fossil fuels. 
However, it is very difficult for direct use of biomass effectively, that the conversion of 
biomass into more convenient energy or fuels attracts much concern. 
In this research, an effective and fast conversion process of carbohydrate biomass 
into formic acid, widely expected an attractive and potential future energy, under mild 
hydrothermal conditions will be developed. Formic acid is very safe and easy to handle 
to be used as a raw material for hydrogen production and storage, and also to be used 
in the direct formic acid fuel cell for electricity generation and automobiles. However, 
the production of formic acid is very limited, and mainly origin from the fossil fuels now. 
Thus, production of formic acid from the renewable energy source is very necessary and 
attractive. 
Formic acid is a basic and important product for hydrolysis and oxidation 
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conversion of carbohydrates biomass, however no high yield production of formic acid 
reported. Thus, a research on the formic acid production from hydrothermal conversion 
of carbohydrate biomass is very attractive, and if carbohydrate biomass could be 
converted readily into formic acid efficiently at mild temperatures, this should provide 
the basis for new green processes for biomass conversion. Therefore, the reaction 
mechanisms for formic acid production from carbohydrate biomass under the 
hydrothermal conditions and the optimum reaction conditions for formic acid 
production are investigated. For effective conversion and waste energy use purpose, 
further study involves formic acid production from monosaccharides and disaccharides 
at low temperatures. Finally, experiments for formic acid production from polymer 
cellulose materials are attempted, and show great potential in the treatment and 
conversion of real waste biomass. 
This thesis is consisted of following five chapters. 
In chapter 1, the background for energy and environmental policy and the key role 
of biomass in the future energy tragedy are reviewed. The remarkable properties of 
HTW are also introduced. Past researches on hydrothermal conversions of cellulose 
were concluded. Further, the importance and possibility of formic acid production from 
carbohydrate biomass under hydrothermal conditions also are discussed. 
In chapter 2, glucose is chosen as the model compound. Glucose is one of the most 
important monosaccharides and basic unit of most large molecule carbohydrate 
biomass (cellulose and starch). Hydrothermal reaction of glucose with sufficient oxygen 
supply is studied, and organic acid productions are evaluated. And also, influences of 
reaction temperature, times, oxygen supply and other reaction parameters are studied, 
and the optimum reaction condition for formic acid production is investigated. 
Formic acid is the main product in hydrothermal oxidation of glucose. Reaction 
temperature, reaction time and oxygen supply, greatly affect the production of formic 
acid from hydrothermal oxidation of glucose. However, the highest yield of formic acid 
was limited to about 20%. 
The use of alkaline can enhance greatly the yield of formic acid. An excellent yield 
of formic acid of about 85% was achieved with 0.035 g glucose, reaction temperature 
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250 oC, reaction time 60 s, 120% oxygen supply, with 1.0 M NaOH addition. 
The effect of alkaline to improve the yield of formic acid from hydrothermal 
oxidation of monosaccharides can explained as no only inhibition of decomposing of 
formed formic acid, but also catalytic and selective a-position oxidation of 
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Figure 1. Yield offonnic acid from hydrothermal oxidation of glucose in (_) NaOH, (.) KOH, and 
(.) Ca(OH)2, at 250 °C, with 120% oxygen supply, reaction time 60 s, as a function of alkaline 
concentration. 
In chapter 3, a milder reaction temperature is preferred for preventing the reactor 
corrosion problems at high temperature and maintaining a stable and secure operation. 
Thus, a sand bath reaction system was used in this chapter, because the salt bath 
reaction system can not be used below 200 oC. Thus, the production of formic acid from 
the oxidation of more nature monosaccharides and disaccharides are investigated. 
A high yield of formic acid was obtained easily from hydrothermal oxidation 
reaction of monosaccharides and disaccharides under lower temperature with sand 
bath reaction system, which is nearly similar as that from hydrothermal oxidation of 
glucose at 250 oC with salt bath reaction system. 
150 oC is optimum for formic acid production from most of monosaccharides and 
disaccharides. For lower temperature of 100 oC, a low yield of formic acid is observed 
probably because of the slow reaction rate. For higher temperature of 250 oC, the 
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decomposition of formed formic acid can lead to a low formic acid production. 
The disaccharides are also easy to be oxidized to formic acid under alkaline 
condition, nearly as same as that from monosaccharides, which suggests a fast 
hydrolysis rate of disaccharides to monosaccharides. 
The yield of formic acid from aldoses is higher than that from ketoses. The possible 
mechanism may explained as follows; the aldoses undergo step-wise degradation to 
produce formic acid, and thus theoretical yield of formic acid is 100%, while ketoses 
first give 1 mol of glycolic acid and produce lower aldoses, which then undergo 
step-wise degradation to produce formic acid. 
In chapter 4, the test for formic acid production from nature polymer carbohydrate 
biomass, cellulose, was investigated with an autoclave reactor, considering that a 
strong stirrer is needed for the heterogeneous hydrothermal reaction of solid cellulose. 
For a two-step reaction, formic acid production is low, and probably because low 
sugar produce from hydrolysis of cellulose. It is limited improved by acidic or alkaline 
catalyzed hydrolysis of cellulose, because the acidic or alkaline also catalyze the 
decomposition of formed glucose to other products instead of formic acid. 
Direct alkaline oxidation of cellulose was investigated, and a formic acid yield of 
about 25% was obtained. Besides formic acid, glycolic acid, acetic acid and lactic acid 
were also produced in direct alkaline oxidation of cellulose, with a total organic acid of 
up to 60%. 
The reaction pathway for production of formic acid, glycolic acid, acetic acid and 
lactic acid under the direct hydrothermal oxidation of cellulose is concluded. And a 
competitive reaction between the hydrothermal oxidation and hydrothermal reaction of 
formed sugar intermediate in the direct oxidation of cellulose was promoted, which 
probably occurred as both a heterogeneous reaction and a homogeneous reaction under 
alkaline conditions. 
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論文審査結果の要旨
論文提出者(偉俊氏)は、人類の調鵠拍句な発展のためにはバイオマスの有すb利用方法の確立が必須で、あり、特に資
源量が豊富で、あるが現時点で、バイオマスエネルギー源化することが出来ていない鰍佐質の草木を再生可能エネル
ギー資源として用いるための技耕市再発を行う事が重要であると考えた。バイオマス資源の変換により様々な種類の
有機化合物が生成することが知られてしもが、中でもギ酸は安定であり安全に取り扱え、且つ次世代エネルギーと
考えられている水素へも転換することが可能である。しかしながら、現時点で確立されているバイオマス変換技術
ではキ酸生成量は限られており、高速且つ効率的な資源変換はなされていない。そこで本布院では、マイルドな水
需変換条件下で、バイオマス(炭水化物系ノミイオマス、セルロース、及ひ糖現時を効率的にギ酸に変換する研究を試
みた。
第 1 章は、諸論である。
第2章では、大きな炭水化物系バイオマスの基本骨格構造を持ち重要な糖類の一種であるグルコースの水索拠理
技術の開発を試み、反応系に塩基性添加物と酸素を同時添加することにより、キ酸生成量を 88覧以上にまで向上さ
せることが可能であることを見出した。反応機構解析より、アルカリ添加は生成したギ酸の再分鮪明暗u効果と共に
糖類の選択的α位置酸化という触媒化学的効果であることを明らかとした。
バイオマスは有機物であるため長時間の水熱反応条件下では生成物の分解や炭化等の望まない副反応が進行す
る。そのため、従来は急激に温度上昇させ短時間の反応後に急冷する手法、即ちバイオマス等知真済み同志容器(カ
ラム)の溶融塩による力蝦叱水による冷却]、が行われてきた。
第3章では、実用化を念頭に、地熱且度程度の中"'f.酎且で処理が可能で且つ安全な水熱却問鮪の開発を試み、
安全なサンドパスを利用し従来より著しく低温な条件下(1500C)で、効率的にキ酸に変換する技術を開発し丸
第4章では、上述の研究結果を応用し、自然界に存在するバイオマスで、あるセルロースからのキ酸生成を試みた。
セルロースは直接的にキ酸に変換されるので、はなく、中間生成物として糖類を経由仁段階防芯)すること、セルロ
ースからの糖類への変換が律側段階で在ること、が明らかとなった。そこで、醐蝶と塩基!胡蝶の同時添加によ
る反応速度向上を試み、セルロースのギ酸への直張変換効率を 25偽(面撤等の他の物質への変換効率を含めると 6<Y%)
へと向上させることに成功した。
第5章は、まとめである。
この様に、揮俊氏はバイオマス、特に他の物質への変換が容易ではないセルロースのエネルギ一変換に精力的に
取り組み、その反応柑織を解明し律楓l股階を解明することで問題点を解決し、高い効率で変換する技術を独自に開
発することに成功した。
よって，材命文は博士(学術)の学位論文として合格と認める。
? ?円。
